Aldrich, 97%) was added dropwise and a yellow solid precipitated immediately. Then, the solid was washed with n-hexane (3x 5.0 mL) and dried under vacuum achieving Fe 2 O( 15 NTf 2 ) 5 @AgNPs (419.0 mg, 87% yield).
Synthesis of iron(II) triflimide [Fe(NTf 2
2 ]. Iron powder (2.58 g, 46.2 mmoles) was placed to a 100 mL round-bottomed flask containing one dissolution of HNTf 2 (5. 16 g, 18.36 mmoles) in deionized water (30.0 mL). Next, one refrigerant was adapted and the mixture was magnetically stirred at reflux for 3 days. The residue solid obtained was drying under vacuum at 150 ºC during 20 h, and the final product was obtained as a brown solid (3.98 g, 70%). and AgNTf 2 (30.0 mg, 0.075 mmol, Aldrich, 97%) were placed in a 2 mL vial. A rubber septum was fitted and 1,4-dioxane (1.0 mL) was added. The mixture was magnetically stirred at room temperature for 30 min observing the precipitation of AgCl. Then, the liquid was passed through a microfilter syringe, and the filtrates were diluted to 25 mL of 1,4-dioxane and then 500 L of this solution were diluted in 5 mL of 1,4-dioxane. (Figure 3) . 0.1 mM 1,4-dioxane solution of silver nanoparticles was prepared as follows: Ag NPs (2.7 mg, 0.025 mmol) was placed in a 2 mL vial and a rubber septum was fitted. Then, 1,4-dioxane (1.0 mL) was added and the mixture was magnetically stirred at room temperature for 5 min. Next, the mixture was diluted to 25 mL of 1,4-dioxane and then 500 L of this solution were diluted in 5 mL of 1,4-dioxane.
Typical procedure for UV-Vis measurements for Fe(NTf

Typical procedure for UV-Vis measurements for Ag NPs
Typical reaction procedure for isolated products in the head-to-tail dimerisation of styrenes ( Figure 5 ). Fe 2 O(NTf 2 ) 5 @AgNPs (19.08 mg, 0.0125 mmol, 10 mol% Fe) was placed in a 2 mL vial and a rubber septum was fitted. Then, 1,4-dioxane (0.5 mL) and styrene 1c (28.7 μL, 0.25 mmol, Aldrich, > 99%) were added and the mixture was placed in pre-heated oil bath at 80 ºC and magnetically stirred for 18 h. After cooling, n-hexane (1 mL) was added, the liquid was passed through a microfilter syringe and one aliquot (25 L) was analyzed by GC after S5 addition of dodecane (11.0 L, 0.048 mmol) as an external standard. The filtrates were purified by TLC preparative. The silica containing product was stirred at room temperature with Et 2 O (30 mL) during 15 min. The liquid was filtered through a conical funnel and silica residues were washed successively with ether (3x5 mL), concentrated under reduced pressure and, after drying under vacuum, the resulting the resulting residue 1,3-diphenyl-1-butene 2c was obtained as a clear oil (25 mg, 95 %). Two-step synthesis of compound 3d, 1-(4-chlorobutynyl)-4-fluorobenzene (Scheme S1 and Figure 5 ).
Step 1: 3-Butyn-1-ol (3.02 mL, 0.04 mmol) and pyridine (256 L, 0.004 mmol) were placed in a 10 mL round-bottomed flask and the mixture was cooled in an ice-bath. Then, thionyl chloride (2.91 mL, 0.04 mmol) was added dropwise during 10 min. The flask was shaken occasionally during the addition and, after the thionyl chloride was added, the mixture was heated under reflux for 30 min. Fractional distillation of the products gave the corresponding chloride 4-chlorobut-1-yne as a yellow liquid (3.34 ml, 95 %).
Step 2:
Pd(PPh 3 ) 2 Cl 2 (140.4 mg, 0.2 mmol) and CuI (76.2 mg, 0.2 mmol) were placed in a 25 mL round-bottomed flask, a rubber septum was fitted and it was purged with N 2 leaving finally a N 2 atmosphere. Then, dry THF (20 mL), Et 3 N (5.56 mL, 40 mmol), 4-chlorobut-1-yne (1.048 g, 12 mmol) and 1-fluoro-4-iodobenzene (923 L, 8 mmol) were added and the reaction mixture was magnetically stirred at room temperature for 1 h. The liquid was filtrated under gravity and washed with dichloromethane (3 x 10 mL). The filtrates were concentrated under reduced pressure and the resulting yellow oil residue was purified by flash column chromatography on silica using n-hexane (100 %) as an eluent. Then, fractions were concentrated under reduced pressure and, after drying under vacuum, the resulting product compound 3d was obtained as a yellow oil (750 mg, 51 %).
Typical reaction procedure for isolated products in the hydration of alkynes (Figure 5).
Fe 2 O(NTf 2 ) 5 @AgNPs (38.2 mg, 0.25 mmol, 10 mol% Fe) was placed in a 10 mL roundbottomed flask and a rubber septum was fitted. Then, 1,4-dioxane (1.5 mL) was added and the mixture was magnetically stirred at room temperature for 30 min. Then, phenylacetylene 3a (56 S6 L, 0.5 mmol, Aldrich, 97%) and water (28 L, 1.5 mmol) were added and the mixture was placed in a pre-heated oil bath at 80 ºC and magnetically stirred for 20 h. After cooling, nhexane (2x10 mL) was added and the liquid was filtrated under gravity. One aliquot (25 L) was analyzed by GC after addition of dodecane (11.0 L, 0.048 mmol) as an external standard.
The filtrates were purified by TLC preparative. The silica containing product was stirred at room temperature with Et 2 O (30 mL) during 15 min. The liquid was filtered through a conical funnel and silica residues were washed successively with ether (3x5 mL), concentrated under reduced pressure and, after drying under vacuum, the resulting compound acetophenone 4a was obtained as a yellow oil (56 mg, 97 %).
Typical reaction procedure for addition of methyl acetoacetate 5 to styrene 1c (Figure 5).
Fe 2 O(NTf 2 ) 5 @AgNPs (19.1 mg, 0.0125 mmol, 10 mol% Fe) was placed in a 2 mL vial and a rubber septum was fitted. Then, 1,2-dichloroethane (0.5 mL), methyl acetoacetate 5 (269.7 L, 2.5 mmoles, Aldrich, > 99%) and styrene 1c (28.7 L, 0.25 mmol, Aldrich, 97%) were added and the mixture was placed in pre-heated oil bath at 80 ºC and magnetically stirred for 24 h.
After cooling, n-hexane (1 mL) was added, the liquid was passed through a microfilter syringe and was analyzed by GC after addition of dodecane (11.0 L, 0.048 mmol) as an external standard.
Typical reaction procedure for hydrodeoxygenation of cyclohexanol 7 (Figure 5).
Fe 2 O(NTf 2 ) 5 @AgNPs (19.1 mg, 0.0125 mmol, 20 mol% Fe) and Pt-C (20 mg, 2 mol%) were placed in a 6 mL autoclave equipped with a manometer. Then, cyclohexanol 7 (50 L, 0. 5 mmol) was added and the vial atmosphere was purged twice with hydrogen gas, leaving finally a 10 bar hydrogen pressure. The mixture was placed in pre-heated oil bath at 150 ºC and magnetically stirred for 4 h. After cooling, dichloromethane (1 mL) was added, the liquid was passed through a microfilter syringe and analyzed by GC after addition of dodecane (11.0 L, 0.048 mmol) as an external standard. 
S7
added to a solution of the corresponding alkanes or cyclic ketones (0.15 mmol) in CH 3 CN (0.3 mL, 0.5 M) at room temperature under magnetic stirring. After 10 minutes, fresh catalyst and H 2 O 2 were added (same amounts than before) and the mixture left to stir for 10 minutes more.
The final mixture was filtered and analysed by GC and GC-MS.
Typical reaction procedure for isolated products in the hydrothiolation of 4-chlorostyrene 1a (Figure 7) . Fe 2 O(NTf 2 ) 5 @AgNPs (19.1 mg, 0.0125 mmol, 10 mol% Fe) and 4-nitrothiophenol 5a (48.5 mg, 0.25 mmol, Aldrich, 80%) were placed in a 2 mL vial and a rubber septum was fitted. Then, 1,4-dioxane (0.5 mL) and 4-chlorostyrene 1a (30.0 L, 0.25 mmol, Aldrich, 97%) were added and the mixture was placed in pre-heated oil bath at 80 ºC and magnetically stirred for 24 h. After cooling, n-hexane (1 mL) was added, the liquid was passed through a microfilter syringe and one aliquot (25 L) was analyzed by GC after addition of dodecane (11.0 L, 0.048 mmol) as an external standard. The filtrates were purified by TLC preparative. The silica containing product was stirred at room temperature with Et 2 O (30 mL) during 15 min. The liquid was filtered through a conical funnel and silica residues were washed successively with ether (3x5 mL), concentrated under reduced pressure and, after drying under vacuum, the resulting (1-(4-chlorophenyl)ethyl)(4-nitrophenyl)sulfide 12a was obtained as a white solid (62 mg, 85 %). Fe 2 O(NTf 2 ) 5 @AgNPs (7.6 mg, 0.05 mmol, 40 mol% Fe) was placed in a 2 mL vial and 1,4-dioxane (0.25 mL), 1-phenylhexyne 15 (19.8 mg, 0.125 mmol) and water (7 L, 3 equivalents) were added and the mixture was placed in a pre-heated oil bath at 110 ºC and magnetically stirred for 6 h. After cooling, CH 3 CN (0.75 mL, 0.25 M) and H 2 O 2 (100 L, 5 equivalents) were added to the solution and the mixture was magnetically stirred for 15 minutes. The final mixture was filtered and analysed by GC and GC-MS. Figure   S4 ). The solid acid (~10 mol% of acid sites, 20 mg for nafion TM , 90 mg for H-USY zeolite and 27 mg for sulfated zirconia) was placed in a 2 mL vial and a rubber septum was fitted. Then, either 4-chlorostyrene 1a (0.25 mmol) or phenylacetylene 3a (0.25 mmol) and water (0.75 mmol) were added in 1,4-dioxane solution (0.5 mL), and the mixture was placed in pre-heated oil bath at 80 and 100 ºC, respectively, and magnetically stirred for 24 h. The reactions were followed by GC. Aldrich, 97%) were added and the mixture was placed in pre-heated oil bath at reflux and magnetically stirred for 12 h. After cooling, n-hexane (1 mL) was added, the liquid was passed through a microfilter syringe and was analyzed by GC after addition of dodecane (11.0 L, 0.048 mmol) as an external standard.
Reuse of Fe
Comparison of the catalytic results of Fe 2 O(NTf 2 ) 5 @AgNPs with other solid acids (
Typical reaction procedure for the aerobic dehydrogenation of alcohols (Figure S6).
Fe 2 O(NTf 2 ) 5 @AgNPs (5.1 wt% Ag, 5.27 mg, 0.0025 mmol, 1 mol% Ag) or Ag NPs (0.269 mg, S9 0.0025 mmol, 1 mol%) and diphenylmetanol (46.7 mg, 0.25 mmol, Aldrich, 99%) were placed in 2 mL cylindrical vial. Then, dry mesytilene (0.5 mL) was added and the mixture was placed in pre-heated oil bath at 130 ºC and magnetically stirred for 15 h. After cooling, n-hexane (1 mL) was added, the liquid was passed through a microfilter syringe and was analyzed by GC after addition of dodecane (11.0 L, 0.048 mmol) as an external standard.
Typical reaction procedure for the synthesis of azocompounds from anilines (Figure S6).
Fe 2 O(NTf 2 ) 5 @AgNPs (5.1 wt% Ag, 31.62 mg, 0.015 mmol, 6 mol% Ag) or Ag NPs (1.614 mg, 0.015 mmol, 6 mol%) and KOH (15.58 mg, 0.25 mmol, Aldrich, 90%) were placed in 2 mL cylindrical vial. Then, dry DMSO (0.5 mL) and aniline (22.7 L, 0.25 mmol, Aldrich, 99%) were added and the mixture was placed in pre-heated oil bath at 60 ºC and magnetically stirred for 24 h. After cooling n-hexane (1 mL) was added, the liquid was passed through a microfilter syringe and was analyzed by GC after addition of dodecane (11.0 L, 0.048 mmol) as an external standard. Figure 10) . CuCl 2 (500 mg, 3.71 mmol, Aldrich, 99%) and AgNTf 2 (2.88 g, 7.43 mmol, Aldrich, 97%) were placed in a 150 mL cylindrical vial. Then, 1,4-dioxane (40.0 mL) was added. The mixture was magnetically stirred at room temperature for 30 min and the precipitation of silver chloride was observed. Then, the reaction mixture was passed through a microfilter syringe for the elimination of the solid precipitate and transferred to new cylindrical vial. Next, AgNTf 2 (0.1-0.5 eq respect to copper, Aldrich, 97%) was placed and thiophenol (325.9 L, 3.08 mmol, Aldrich, 97%) was added dropwise and a solid precipitated immediately. Then, the solid was washed with n-hexane (3x 25.0 mL) and dried under vacuum achieving copper solid in 84% yield. Figure 10) . BiCl 3 (500 mg, 1.58 mmol, Aldrich, > 98%) and AgNTf 2 (1.84 g, 4.74 mmol, Aldrich, 97%) were placed in a 150 mL cylindrical vial. Then, 1,4-dioxane (40.0 mL) was added. The mixture was magnetically stirred at room temperature for 30 min and the precipitation of silver chloride was observed. Then, the reaction mixture was passed through a microfilter syringe for the elimination of the solid precipitate and transferred to S10 new cylindrical vial. Next, AgNTf 2 (0.1-0.5 eq respect to bismuth, Aldrich, 97%) was placed and thiophenol (167.18 L, 1.58 mmol, Aldrich, 97%) was added dropwise and a solid precipitated immediately. Then, the solid was washed with n-hexane (3x 25.0 mL) and dried under vacuum achieving copper solid in 75% yield. Figure 10) . YbCl 3 (500 mg, 1.78 mmol, Aldrich, > 99%) and AgNTf 2 (2.07 g, 5.34 mmol, Aldrich, 97%) were placed in a 150 mL cylindrical vial. Then, 1,4-dioxane (40.0 mL) was added. The mixture was magnetically stirred at room temperature for 30 min and the precipitation of silver chloride was observed. Then, the reaction mixture was passed through a microfilter syringe for the elimination of the solid precipitate and transferred to new cylindrical vial. Next, AgNTf 2 (0.1-0.5 eq respect to ytterbium, Aldrich, 97%) was placed and thiophenol (188.34 L, 1.78 mmol, Aldrich, 97%) was added dropwise and a solid precipitated immediately. Then, the solid was washed with n-hexane (3x 25.0 mL) and dried under vacuum achieving bismuth solid in 63% yield.
Synthesis of the copper solid (
Synthesis of the bismuth solid (
Synthesis of the ytterbium solid (
Typical reaction procedure for vinylation of 1,3-diphenylpropargyl alcohol 17 with styrene 1c (Figure 11 ). Fe 2 O(NTf 2 ) 5 @AgNPs (19.08 mg, 0.0125 mmol, 10 mol% Fe) and 1.3-diphenylpropargyl alcohol 17 (57.85 mg, 0.25 mmoles, Aldrich, 90%) were placed in a 10 mL round-bottomed flask and a rubber septum was fitted. Then, dry 1,2-dichloroethane (2.0 mL) and styrene (28.7 L, 0.25 mmol, Aldrich, 97%) were added and the mixture was placed in pre-heated oil bath at 90 ºC (reflux) and magnetically stirred for 30 min. After cooling, n-hexane (1 mL) was added, the liquid was passed through a microfilter syringe and was analyzed by GC after addition of dodecane (11.0 L, 0.048 mmol) as an external standard. 
Characterisation
Cl Cl 2a
The reaction crude was purified by preparative TLC on silica (run in n-hexane). The reaction crude was purified by preparative TLC on silica (run in n-hexane). (t, J = 7.2, 2H), 2.94 (t, J = 7.3, 2H), 1.78 (sext, J = 7.3, 2H), 1.00 (t, J = 7.3, 3H).
Rf
Cl
The reaction crude was purified by distillation. The reaction crude was purified by column chromatography using as eluent (n-hexane). The reaction crude was purified by preparative TLC on silica (run in 5 % AcOEt in n-hexane). 
S Ph Cl 12d
The reaction crude was purified by preparative TLC on silica (run in n-hexane). 
NH 14a
The reaction crude was purified by preparative TLC on silica (run in n-hexane:AcOEt 4:1).
GC/MS (m/z, M +· 107), major peaks found: 106 (100 %), 77 (21 %), 51 (7 %). 1 H NMR (300 MHz, CDCl 3 ) δ 7.34 -7.16 (m, H), 6.77 (t, J = 7.3 Hz, 2H), 6.71 -6.59 (m, 1H), 3.43 (s, 1H), 2.88 (s, 3H).
The reaction crude was purified by preparative TLC on silica (run in n-hexane:AcOEt 4:1). 
GC/MS
S19
Magnetic Field (G) Magnetic Field (G) 
S22
Tables. Table S1 . 
The more relevant bands corresponds to the triflimide vibrations which by comparison with previous FT-IR studies on different triflimides could be assigned. The band situated at 1055 cm -1 corresponds to ν a (SNS), indicating that the triflimides in the solid are deprotonated, since the partial double bond character acquired due to the electron delocalization shifts the band dramatically to higher frequencies with respect to the acid form (860 cm -1 ). To determine whether the anion is coordinated to the Fe 3+ metal center or not, ν s (SO 2 ) and ν as (SO 2 ) are the most sensitive vibrations. While ν s (SO 2 ) shows no significant shift with respect to the triflimidic acid, ν as (SO 2 ) does show an appreciable change and, moreover, this band has two peaks that could indicate different coordination modes for the anion. Based on these data, one must conclude that the triflimide anions are coordinated to the metal ion through the sulfonyl groups in, at least, two different ways.
Although of lower intensity, a band at 865 cm -1 reveals the presence of µ-hidroxo bridges. This frequency is normally expected for monobridged structures, decreasing to 760-780 cm -1 for dibridged and 720-750 cm -1 for tribridged compounds. According to reported correlations between the angle of the Fe-O-Fe entity and the ν as (Fe-O-Fe) stretch, the high frequency observed in our case indicates that the angle is closer to 180⁰. These data point to the presence of a single µ-oxo or µ-hidroxo bridge with another bridging triflimide, which would explain the different SO 2 bands observed. reflux, 30 min pyridine (10 mol%) Cl Scheme S1. Two-step preparation of the starting material compound 3d.
Step 1: Chlorination of homopropargylic alcohol with thionyl chloride in the presence of catalytic amounts of pyridine.
Step 2: Sonogashira cross-coupling between homopropargylic chloride and p-iodofluorobenzene. 
NMR spectra
